OBJECTIVES: Early-onset colorectal cancer (CRC) incidence rates are rising. This group is susceptible to heritable conditions (i.e., Lynch syndrome (LS)) and inflammatory bowel disease (IBD) with high metachronous CRC rates after segmental resection. Hence, extended colonic resection (ECR) is often performed and considered generally in young patients. As there are no population-based studies analyzing resection extent in early-onset CRC, we used CDC Comparative Effectiveness Research (CER) data to assess state-wide operative practices. METHODS: Using CER and Louisiana Tumor Registry data, all CRC patients aged ≤ 50 years, diagnosed in Louisiana in 2011, who underwent surgery in 2011-2012 were retrospectively analyzed. Prevalence of, and the factors associated with operation type (ECR including subtotal/total/proctocolectomy vs. segmental resection) were evaluated. RESULTS: Of 2,427 CRC patients, 274 were aged ≤ 50 years. In all, 234 underwent surgery at 53 unique facilities and 6.8% underwent ECR. Statistically significant ECR-associated factors included age ≤ 45 years, polyposis, synchronous/metachronous LS-associated cancers, and IBD. Abnormal microsatellite instability (MSI) was not ECR-associated. ECR was not performed in sporadic CRC. CONCLUSIONS: ECR is performed in the setting of clinically obvious associated high-risk features (polyposis, IBD, synchronous/ metachronous cancers) but not in isolated/sporadic CRC. However, attention must be paid to patients with seemingly lower risk characteristics (isolated CRC, no polyposis), as LS can still be present. In addition, the presumed sporadic group requires further study as metachronous CRC risk in early-onset sporadic CRC has not been well-defined, and some may harbor undefined/ undiagnosed hereditary conditions. Abnormal MSI (LS risk) is not associated with ECR; abnormal MSI results often return postoperatively after segmental resection has already occurred, which is a contributing factor.
INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in men and women, and the second leading cause of cancer mortality in men and women combined. 1 In those aged o50 years, CRC is the second leading cause of cancer in men and third in women. 2 Contributing to the substantial CRC burden in young patients are rising incidence rates in this group. 3 Early-onset CRC can be divided into sporadic disease and disease associated with a more clearly defined pathogenesis. With regard to the former, sporadic early-onset CRC can be aggressive with frequent metastases. 4 Operative practices and long-term metachronous risk in this subset of patients have not been well-studied. However, according to the National Comprehensive Cancer Network (NCCN), more extensive colectomy can be generally considered in young patients, age o50 years. 5, 6 The latter subgroup is primarily composed of known hereditary disorders (Lynch syndrome (LS), familial adenomatous polyposis (FAP)) and inflammatory bowel disease (IBD; ulcerative colitis, Crohn's disease). In hereditary disorders and IBD, segmental resection, in contrast to ECR (subtotal/total/ proctocolectomy), is associated with increased metachronous CRC risk. Guidelines reflect this and suggest ECR in these groups, with the specific operation depending on the underlying disease type and tumor location. 7, 8, 9, 10 With regard to hereditary CRC, LS is the most common syndrome and is associated with up to 5% of all CRC cases with a penetrance of up to 80%. 11, 12 In early-onset CRC, 17% of patients unselected for family history may have LS. 13, 14 Owing to metachronous CRC, subtotal or total colectomy decreases subsequent CRC and may increase life expectancy, particularly in younger patients. 15, 16, 17 In LS patients undergoing segmental resection, metachronous rates may be 16% at 10 years, 41% at 20 years and 62% at 30 years post operatively, even in those undergoing frequent postoperative surveillance with colonoscopy. 15 Studies have demonstrated that the rate of metachronous lesions dropped significantly (post-operative risk 0-3.4%) when the recommended surgical intervention was performed. 15, 18 In young patients with synchronous or metachronous LS-associated cancers, mutations may be found in as many as 34% of patients. 19 LS testing includes tumor analysis for microsatellite instability (MSI) and/or immunohistochemistry (IHC) staining for mismatch repair proteins to stratify for germline genetic testing. 6, 10, 20, 21 Ideally, tumor analysis results should be available preoperatively to facilitate surgical planning. 10 Mutations in four mismatch repair genes (MLH1, MSH2, MSH6, and PMS2) and epithelial cell adhesion molecule are most common. 22, 23 Current guidelines recommend colectomy with ileorectal anastamosis in LS patients with CRC. 10 FAP and IBD account for up to 3 and 4%, respectively, of earlyonset CRC. 24 ECR (frequently proctocoletomy) is recommended with both due to very high progression to CRC (FAP) and high synchronous/metachronous CRC rates (FAP and IBD). 25, 26 MutY DNA glycosylase-associated polyposis accounts for 2-4% of all CRC. 27 In patients unable to be managed with endoscopic polypectomy, surgery is suggested. 28, 29 Despite metachronous CRC risk in early-onset patients with clearly defined heritable syndromes and IBD undergoing limited colonic resection, there are no population-based studies examining operative practices in these subgroups. Similarly, population-based analyses examining operative practices in presumed sporadic early-onset CRC patients have never been conducted. Hence, the aim of this study is to utilize populationbased state-wide Louisiana Tumor Registry (LTR) data supplemented with data from a Centers for Disease Control and Prevention (CDC)-funded Comparative Effectiveness Research (CER) project to assess factors associated with the performance of ECR vs. segmental colonic resection in early-onset CRC. Analyzed variables include socio-demographics, healthcare facility type, tumor characteristics, and CRC family history. An analysis of this type enables us to assess how patients with well-defined risks for metachronous CRC are operated upon. It also allows us to better understand the operative practices in subgroups with less-defined risk, particularly the presumed "sporadic group." This group is likely heterogeneous, consisting of true sporadic patients, and those with undiagnosed LS or hereditary predispositions that have yet to be defined. MSI was an important variable to study as we previously demonstrated a low-MSI and/or IHC testing rate of 23% for LS screening in this 2011 state-wide CRC cohort and that results were available preoperatively in only 16.9%. 30 Both of these factors may limit the ability to risk stratify patients preoperatively for germline genetic testing to determine the resection extent.
The LTR is a National Cancer Institute's (NCI) Surveillance Epidemiology and End Results (SEER) program participant and a specialized registry of the CDC's National Program of Cancer Registries (NPCR). The LTR is one of only 10 states participating in CDC CER, which allows for detailed epidemiologic analysis of large populations. The utilization of population-based CER surgical and MSI data, which were only available in 2011-2012, are unique to this study.
METHODS
Data source/study population. Eligible patients were aged ≤ 50 years, diagnosed with primary CRC in 2011 in Louisiana (ICD-03 codes: C18.0-18.9, C19.9, C20.9, and C26.0), and underwent resection. Surgeries took place in 2011-2012. Death certificate only, non-adenocarcinomatous, and autopsy cases were excluded (n = 4). The study was IRB approved.
The LTR has legislative authorization to assess data from hospital and non-hospital settings, including gastroenterology, surgery, and oncology private practice groups. Treatment information up to 1 year from diagnosis was obtained from the LTR supplemented with CER project data. Source records included, but were not limited to, operative and colonoscopy reports, pathology reports, and consultation/progress notes. Information was collated, abstracted, and coded as per the national standards for cancer registries, and reviewed by LTR researchers and physicians. For patients undergoing surgery, operative pathology reports or consolidated medical abstractions were available in 99% of cases. For those undergoing colonoscopy, pathology reports or abstracted reports were available in 93% of cases.
Variables. The number of patients undergoing surgery and operation type including segmental resection vs. ECR (including subtotal, total, or proctocolectomy) was determined. Segmental resection included hemicolectomy, low anterior, and abdominoperineal resection. Socio-demographic, tumor, and health-care facility variables were correlated with operative extent. Sociodemographic variables included diagnosis age, race, sex, parish (county) of residence (urban vs. rural), and health insurance status. Tumor-associated variables included concurrent polyposis (≥10 adenomas combined on colonoscopy and/ or surgery), proximal vs. distal CRC, tumor histology, IBD history or histological IBD features, MSI (high, low, and stable) or IHC, and synchronous or metachronous LS-associated cancers. Proximal tumors were defined as proximal to the splenic flexure. For synchronous or metachronous CRC, lesions demonstrating high-grade dysplasia (n = 4) were also considered as LSassociated malignancy, because high-grade dysplasia is synonymous with carcinoma in situ which is registry reportable as stage 0 CRC. 31 Health-care facilities were categorized by American College of Surgery standards. 32 Family history of CRC in a first-degree relative was also analyzed.
Statistical analyses. Colonic resection extent was correlated with the aforementioned variables using Pearson's χ 2 -test analysis. When cell counts were o5, the Fisher's exact test was used to obtain P-values. Univariate logistic regression was used to estimate unadjusted odds ratios and 95% confidence intervals. Multivariate logistic regression was used to estimate adjusted odds ratios and 95% confidence intervals. Because rare events occurred in our data set (16 ECR cases), we used Firth's penalized likelihood method in logistic regression analysis as an approach to reduce the small-sample bias in maximum likelihood estimation. Statistically significant predictors in the univariate analysis were utilized for multivariate analysis.
RESULTS
Of 2,427 all-age, state-wide CRC patients in 2011, 274 were aged ≤ 50 years. In all, 234 underwent surgical resection at 53 distinct health-care facilities and had complete surgical data available. A total of 37 out of 274 patients did not undergo surgery (lesions removed during colonoscopy or wide-spread disease). In 3 patients surgical status was unknown. Socio-demographic, tumor, and health-care facility characteristics are recorded in Table 1 . Proximal tumors were seen in 30.3%, distal in 65.0%, and synchronous CRCs in 4.7%. Of distal tumors, 40.1% (61/152) were rectal. Synchronous/ metachronous LS-associated cancers were noted in 17 patients (19 lesions) including CRC (n = 11), polyps with high-grade dysplasia/carcinoma in situ (n = 4), bladder cancer (n = 2), gastric cancer (n = 1), and medulloblastoma (n = 1).
The overall ECR rate was 6.8% (16/234). Factors associated with ECR are presented in Table 2 . Age ≤ 45 years, synchronous/metachronous LS-associated cancers, polyposis, IBD, and distal CRC location were significantly associated. All except IBD remained significant in multivariate analyses. Neither undergoing colonoscopy prior to surgery (85.9% of patients), nor a family history of CRC in a first-degree relative was ECR associated. Tumor histology (i.e., mucinous changes that can be seen in LS) was also not associated with ECR.
MSI and/or IHC were ordered in 56/218 (25.7%) of patients undergoing segmental resection and 4/16 (25%) patients undergoing ECR (Table 2 , bottom). Among those tested for MSI/IHC, abnormal MSI and/or IHC were present in 13 patients with similar proportions in the segmental resection (12/56, 21.4%) and ECR group (1/4, 25%). There was no difference in ECR performance based on abnormal vs. normal MSI and/or IHC. In all, 1/13 (7.7%) patients with abnormal MSI and/or IHC underwent ECR vs. 3/44 (6.8%) with normal MSI and/or IHC.
Of the 13 patients with abnormal MSI and/or IHC, 8 had testing only on segmental resection specimens and hence results were not available preoperatively. One patient undergoing segmental resection had abnormal IHC (missing MSH6/ PMS2) on colonoscopy that was available preoperatively. Three patients with abnormal IHC had wide-spread metastatic disease and likely had limited resection for palliation. The one patient with abnormal tumor analysis undergoing ECR had MSI-high results, but it is unclear whether this was available preoperatively to aid in resection extent planning. This patient also had polyposis, which may have prompted ECR.
Clinical characteristics of the 16 patients undergoing ECR are listed in Table 3 , including specifics regarding resection extent. Seven patients had 410 adenomas, 5 of which had at least 100 adenomas. One had seven adenomas but carried a MutY DNA glycosylase diagnosis. Two patients had longstanding UC. Seven had a history of synchronous or metachronous CRC (five with synchronous CRC, one with metachronous CRC, and one with both synchronous and metachronous CRC). Four patients with synchronous/metachronous CRC also had polyposis. ECRs were performed at 12 distinct hospitals and hence there was no facility clustering for operative type.
DISCUSSION
This is, to our knowledge, the first study examining detailed factors associated with colonic resection extent in early-onset CRC using population-based registry data. This analysis The Pearson's χ 2 -test was used for the univariate analyses. For any cells with counts o5, the Fisher's exact test was used to test significance. Data with zero cell frequencies were analyzed with Firth's penalized maximum likelihood estimator for bias correction (Firth's method). SAS version 9.4 (SA institute, Cary, NC) was used to perform the analyses. (Firth's method) . SAS version 9.4 (SA institute) was used to perform the analyses.
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AC, ascending colon; C, cecum; CRC, colorectal cancer; DC, descending colon; FAP, familial adenomatous polyposis; HF, hepatic flexure; HGD, high-grade dysplasia; IBD, inflammatory bowel disease; IHC, immunohistochemistry; LS, Lynch syndrome; MUTYH, MutY DNA glycosylase; R, rectum; S, sigmoid; TC, transverse colon.
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allowed us to understand the low state-wide ECR rate of 6.8%. CRC arising in the context of clinically obvious high-risk features (polyposis, synchronous/metachronous LS-associated cancer, IBD, and age ≤ 45 years) was associated with ECR. However, abnormal MSI and/or IHC were not ECR associated. The low overall MSI/IHC testing rates and infrequent preoperative result availability (only 16.9%), which we previously identified in this population, will lead to lower identification of LS patients who could benefit from more extensive surgery. 30 In our current study, the majority of those with abnormal MSI and/or IHC undergoing segmental resection had results available only post operatively, and hence not available for surgical planning. Overall, only 7.7% of those with abnormal MSI and/or IHC underwent ECR. It is possible that the high index of suspicion required to identify LS, especially in solitary CRC cases, combined with multiple, time-dependent steps required for diagnosis (MSI/IHC followed by germline testing), may lead to lower LS identification, particularly preoperatively. In contrast, large numbers of adenomas and multiple cancers, especially in young patients, may be sufficient high-risk indicators leading to ECR, independent of further testing.
With regard to family history, a survey of colorectal surgeons demonstrated that in patients aged o50 years with no CRC family history, 33.1% would proceed with resection without MSI/IHC despite NCCN guidelines recommending pre-operative testing in young patients regardless of family history, and that reliance on family history may have pitfalls due to potential de novo mutations. [33] [34] [35] [36] However, if pre-operative testing was performed and indicated LS, 84.9% would perform total colectomy suggesting that testing influences management decisions. In our study, even in patients with a strong family history of CRC, there was a lack of association with ECR. This may be potentially explained by several factors including providers not being attuned to the increased risk that family history confers for hereditary CRC syndromes, timing of MSI/IHC results, or patient/provider preference for resection extent. Of note, family history of malignancy was only available in~50% of patients in our study. This could signify that providers are not routinely assessing this data point, which would be of concern in this early-onset CRC population. However it is also possible that in some cases this variable may not have been captured during the medical record abstraction process.
Important factors regarding surgical approach include perioperative complications and functional outcomes. The overall complication-free rate has been shown to be highest with segmental resection compared with ileosigmoid/ileorectal anastomoses. 37 Patients at risk for hereditary CRC who undergo subtotal colectomy (vs. partial colectomy) are more likely to have functional complications. 38 However, in some studies, resection extent has not been shown to differentially impact quality of life. 38, 39 This may reflect a sense of ease garnered from the decreased future CRC risk. In addition, patients with FAP who undergo proctocolectomy at younger ages have better gastrointestinal function earlier in the post-operative period. 40 It was important to address tumor location in our study as this can impact operative choice and quality of life. We found that distal CRC location was significantly associated with ECR, and that 7/16 patients who underwent ECR had rectal cancer. Of these seven patients, five underwent total proctocolectomy. All five had polyposis, which may explain the aggressive surgical approach despite potential for post-operative functional impairment. Overall, risk of perioperative complications or concern for functional compromise after ECR must be balanced with the significant risk of developing a second CRC if segmental resection is performed.
With regard to presumed sporadic CRC, although NCCN guidelines suggest more extensive resection be considered in patients aged o50 years, which may include sporadic CRC, our results indicate that ECR was performed in patients with obvious explanations for CRC (polyposis, synchronous/ metachronous CRC, and IBD) or for obstruction/palliation. In a study examining resection extent in sporadic CRC patients aged o50 years, 3.3% undergoing segmental resection developed metachronous CRC vs. 0% undergoing extended resection, however, this was not statistically significant. 20 The authors concluded that segmental resection did not independently increase the risk of recurrent disease or mortality, but that a larger volume of prospective studies are necessary. Importantly, they noted that longer term follow-up is needed because the median follow-up in the segmental and extended resection group was only 2 and 3 years, respectively. In our population-based setting, it appears that ECR is not being performed for presumed sporadic CRC. This group will be important to target for future study. As MSI and/or IHC testing was low in our population, there are likely unidentified LS patients in this presumed sporadic subgroup. In addition, there may be patients with hereditary forms of CRC with genetic pathways that have yet to be defined. In terms of the "true sporadic" cases, these require further study regarding operative type, and in general, as rising rates in early-onset CRC may signify underlying risk factors that are poorly understood.
Study limitations include relatively low numbers of patients undergoing ECR. This can hinder the ability to detect other significant variables associated with extended resection. However, low ECR rates have been seen in other studies as well, thus limiting our understanding of surgical practices in young patients in general. 20, 41 In addition, low rates of MSI and/or IHC testing in our population can limit our ability to draw conclusions regarding operative practices in those with abnormal results. Furthermore, as the CER project was not designed to collect germline genetic testing information, specific mutation data was limited. Thus the number of patients with LS is unknown, although studies suggest that the majority of young patients with abnormal MSI/IHC will have LS mutations as opposed to sporadic, methylationdependent CRC. 13 It is likely that the majority of polyposis patients had APC gene mutations given large numbers of polyps (100's or 1,000's) in many and that genetic testing would be unlikely to change operative management due to high-risk phenotypes. Finally, surgical practices that we identified may not necessarily reflect the operative patterns in other regions.
Study strengths include that it is large, population-based (all patients state-wide), and conducted by a high-quality SEER/NPCR registry. The utilization of CDC CER data allowed for a comprehensive analysis that integrated detailed colonoscopy, surgical, pathological, and tumor marker data that is not normally collected by cancer registries, which is a unique strength. Surgeries were performed at 53 distinct institutions representing diverse settings, including teaching hospitals, community hospital comprehensive cancer programs, and public institutions. The study included both insured and uninsured patients. These characteristics can minimize bias seen in smaller, non population-based studies. Further strengths include operative reports and pathology reports being available in a very high percentage of cases.
In conclusion, this is the first population-based study analyzing operative practices in early-onset CRC. ECR is performed in patients with clinically obvious high-risk features (polyposis, synchronous/metachronous cancers, and IBD) but not in solitary CRC cases, even with abnormal MSI. However, attention must be paid to patients with seemingly lower risk characteristics (isolated CRC, lack of polyposis) as they are still at risk for LS and long-term metachronous CRC in sporadic cases is not well-defined. As abnormal MSI frequently returns after segmental resection has already been performed, assurances must be made that results are available preoperatively to assist in operative management decisions. The factors underlying low rates of pre-operative MSI and/or IHC result availability, and MSI/IHC testing in general, require further study. The sporadic group is likely heterogeneous, consisting of undiagnosed LS, those with hereditary predispositions that are poorly understood and a true sporadic group with potentially unknown risk factors. Future analyses will need to focus on this "sporadic group" to better understand how to identify heritable conditions and elucidate long-term metachronous CRC risk in those with true sporadic disease. We plan to utilize the LTR to follow the presumed sporadic group over time to assess the metachronous cancer rates. Further study on patient and provider preference regarding resection extent will also be important as this is a complex decision that balances operative risk, functional outcomes, and metachronous CRC risk.
